1.) (a) correct equation in the formr -a + tb A2 N2 2 



r = 



-1 

v 2 / 



V 2 y 



(b) 



(i) attempt to substitute t - 2 into the equation (Ml) 



e.g. 



( 2 ' 

6 

v"4y 


5 


-1 

v 2 v 


+ 2 


3 

V" 2 J 



OP 



( 1 \ 



V 2 y 



(ii) correct substitution into formula for magnitude 



e.g. A /3 2 +5 2 +(-2) 2 ,V3 2 +5 2 +2 : 
OP =738 



Al N2 



Al 



Al N14 



[6] 



(%\ 



2.) (a) (i) BA= Ai Ni 

(ii) evidence of combining vectors 



e.g. AB + BC = AC,BA + AC, 



(_^\ 



v "/ 



r t.\ 



v-4/ 



BC = 



f 1 A 



v" 2 7 



(b) (i) METHOD 1 

finding BA-BC, 



BA 



BC 



(Ml) 



Al N23 



(A1)(A1)(A1) 



e.g. BA-BC = 3xl + + 4x-2, 



BA 



= V3 



2 +4 2 , 



BC 



= 3 



substituting into formula for cos0 

3xl + + 4x-2 -5 



Ml 



e.g. 



3V3 2 +0 + 4 2 ' 5x3 



cos ABC = — 

15 

METHOD 2 



f 1A 



V -V 



Al N3 



(c) 



finding AC, BA,BC 

V2 2 +2 2 +6 2 , AB = V3 2 +4 2 , 



e.g. 



AC 



BC 



substituting into cosine rule 

V" ' V k/44 i2 
e.g. 



(A1)(A1)(A1) 



Ml 



5 2 +3 2 -(V44 



25 + 9-44 



2x5x3 

ARC- l ° r 
cos Act 

30 



30 



v 



3 



(ii) evidence of using Pythagoras 

•d 

■&( 2a/2 



2 2 

e.g. right-angled triangle with values, sin x + cos x =1 



sin 



0) 



ABC = 



attempt to find an expression for CD (Ml) 



e.g. V(-4) 2 +5 2 + p 2 , 


CD 


/|2 , r2 , 2 

= 4 +5 + /? 


correct equation 


= V50,4 2 +5 2 + p 2 = 


e.g. A /(_4) 2 +5 2 + /7 2 = 


2 n 

p =9 







50 



P = 3 
(ii) evidence of scalar product 

r ~4\ ( 1 A 



e.g. 



v3y 



V 2 y 



,CD«BC 



correct substitution 

e.g. -4 x 1+ 5 x 2 + 3 x -2, -4 + 10 - 1 

CD«BC=0 

CD is perpendicular to BC 



Al N3 
(Ml) 

Al N27 



Al 

Al 

AG NO 
(Ml) 



Al 
Al 

AG N06 



[16] 



3.) (a) evidence of appropriate approach 



(Ml) 



e.g. AC-AB/4 _\ 



BC = ( 1 3 



(b) METHOD 1 



AD: 



correct approach 
e.g. AD-Ab/IjJ 



BD: 



v 2 y 



(c) 



METHOD 2 

Recognizing CD = BA 
correct approach 



z. g . BC + Cd/* } x 



BD = 

METHOD 1 

evidence of scalar product 



e.g. BD.AC,^ 2J-^ 

correct substitution 

e.g. (-2)(4) + (2)(4), -8 + 8 

BD«AC=0 

therefore vectors BD an d AC are perpendicular 

METHOD 2 

attempt to find angle between two vectors 

a»b 

e.g. — — 
ab 

correct substitution 

(-2)(4) + (2)(4) 



e.g. 



,cos6 =0 



V8 V32 
=90° 
therefore vectors bd an d AC are perpendicular 



Al N22 

(Al) 
Al 



AG N02 

(Al) 
Al 



AG N02 
(Ml) 

Al 

Al 
AG N03 

(Ml) 
Al 



Al 
AG NO 



[7] 



4.) (a) appropriate approach (Ml) 
e.g. AD + OB,£-A 



AB = 



( 1 A 



vly 



(b) any correct equation in the form r-a + tb 



Al N22 



A2 N22 



where b is a scalar multiple of 



'O 



v 1 / 



e.#. r 



-i 

v 4 v 


+ ? 


-1 


,r = 


r 2 + t^ 
-2-t 

K 5 + t J 



, r - 2i - 2j + 5k + t(i-j + k) 



(c) choosing correct direction vectors 



rn\ 



vh 



f 1 \ 



v 1 ; 



finding scalar product and magnitudes 
scalar product =lx 2 + -1x1+1x3 (= 4) 

magnitudes Jl 2 +(-l) 2 +1 2 (= 1.73....), a/4 + 1 + 9 (=3.74...) 



(A1)(A1) 
(A1)(A1)(A1) 



f 



substitution into 



u.v 



U . V u.v 

acceptG = — — , but not sin0 - rir - ; 



v 



u v 



e.g. 



COS0 = 



W V 

Ix2 + -lx[+lx3 



H V 



Ml 



, COS0 = 



7l 2 +(-l) 2 +l 2 V2 2 +l 2 +3 2 ' v^ 



= 0.906(51.9°) 



Al N57 



(d) METHOD 1 



from r 



A 1 A 



V 4 / 



'1^ 



v 1 / 



-i 

v 4 y 


+ 


'0 
-1 


f = 


4 

V 7 7 


+ 


' 2 1 
1 

v3y 



appropriate approach 



e.g. p = r, 



two correct equations 

e.g. \+t-2 + 2s, -l-t-4 + s, 4 + t-7 + 3s 

attempt to solve 

one correct parameter 

e.g. t = -3, s--2 
C is (-2, 2, 1) 

METHOD2 fromr= -2 +f-l 1 



(Ml) 



A1A1 

(Ml) 
Al 



Al N36 



v5y 



r x w 



v!yy 



appropriate approach 



(Ml) 



e.g. p = r 



(2^ 
-2 

v5y 


+ t 


-1 

v 1 ; 


= 


4 
V 7 V 


+ 


' 2 1 

1 



s, 



two correct equations 

e.g. 2 + t = 2 + 2s,-2-t = 4 + s,5 + t = 7 + 3s 

attempt to solve 

one correct parameter 

e.g. t = -b,s = -2 

C is (-2, 2, 1) 



AIM 

(Ml) 
Al 



Al N36 



[17] 



5.) 



(a) any correct equation in the form r -a + tb (accept any parameter) 

' °-'" ( 2\ 



A2 N2 



e.g. r = 



v 25 y 



1 



V "/ 



Note: Award Al for a + tb, Al for L -a + tb, AOforr - b + ta. 



(b) recognizing scalar product must be zero (seen anywhere) 
e.g. a *b = 



evidence of choosing direction vectors 



'2^ 

1 

v"8y 



^_7^ 

-2 

v * y 



correct calculation of scalar product 
e.g. 2(-7) + l(-2) - 8£ 

simplification that clearly leads to solution 
e.g. -16 - Sk, -16 - »fe =0 

fc = -2 

(c) evidence of equating vectors 



e.g. L x = L 3 , 



any two correct equations 

e.g. -3 +2p - 5 - Iq, -1 +p = -2q, -25 - Sp - 3 -2q 

attempting to solve equations 

finding one correct parameter (p = -3, q = 2) 



f" 3 ' 




f 2^ 




^ 




r ~A 


-3 


+ P 


1 


= 





+ q 


-2 


v"25y 




v"8y 




v3y 




V- 2 , 



the coordinates of A are (-9, -4, -1) 



(d) 



0) 



evidence of appropriate approach (Ml) 



e.g. OA + AB = OB, AB = 



v 25 y 



v"!y 



Rl 



(A1)(A1) 

(Al) 
Al 

AGNO 

(Ml) 



A1A1 



(Ml) 
Al 



A1N3 



AB = 



( 1 A 



v 26 y 



2 



V 2 J 



(ii) finding AC - 

evidence of finding magnitude 



e.g. 



AC 



= V7 2 +2 2 +2 2 



AC = Si 



Al N2 



Al 



(Ml) 



A1N3 



[18] 



6.) (a) evidence of appropriate approach 

e.g. BC = BA + AC, 



v 2 / 



v3y 



BC 



f Q\ 



y-b 



(Ml) 



(b) attempt to find the length of AB 

AB = V6 2 +(-2) 2 +3 2 (= V36 + 4 + 9 = V49 = 7) 



^ ^ A 



1 
unit vector is — 

7 



v3y 



f f. \ 



3 

(c) recognizing that the dot product or cos being implies perpendicular 

correct substitution in a scalar product formula 

-12 + 6 + 6 
e.g. (6) x (-2) + (-2) x (-3) + (3) x (2), cos = 



7xVl7 



correct calculation 

e.g. AB • AC = 0, cos =0 

therefore, they are perpendicular 



A1N2 

(Ml) 
(Al) 



A1N2 



(Ml) 
Al 



Al 



AGNO 



[8] 



7.) (a) (i) (3,-4,0) Al Nl 

r-2^ 

(ii) choosing velocity vector 3 

I 1 j 



(Ml) 



(b) 



finding magnitude of velocity vector 

e.g. V(-2) 2 +3 2 +l 2 ,V4 + 9 + l 
speed = 3.74 (Vl4) 



(Al) 

A1N2 



(i) 

B = (-11, 17,7) 



substituting p-1 (Ml) 
Al N2 



(ii) METHOD 1 

appropriate method to find AB or BA 
e.g. AO + OB,A-B 

f-U\ f 14 > 

orBA = 



AB = 



21 

v 7 J 



-21 

V" 7 / 



distance = 26.2 (7V14) 
METHOD 2 

evidence of applying distance is speed x time 

e.g. 3.74 x 7 

distance = 26.2 (7Vl4) 
METHOD 3 

attempt to find AB ,AB 

e.g. (3 - (-11)) 2 + (-4 - 17) 2 + (0 - 7) 2 , j(3- (-11)) 2 + (-4- 17) 2 

AB 2 = 686, AB = V086 
distance AB = 26.2 (7>/l4 ) 

f -1\ (-P 



(Ml) 

(Al) 
A1N3 

(M2) 
A1N3 

(Ml) 



■(0-7)' 



(c) correct direction vectors 



and 



Va 2 +5, 



(-2) 



v 1 / 



v 1 ; 



v fl y 



— a + 



a + 8 



substituting 

e.g. COS 40° = ,—. r— 

V14Va 2 +5 
a = 3.21, a = -0.990 



(Al) 

A1N3 



(A1)(A1) 

(A1)(A1) 
Ml 

A1A1N3 



[16] 



].) (a) (i) correct approach 



e.g. OC-OA, 



fz\ 



v2y 



vOy 



AC 



v2y 



AG NO 



(ii) appropriate approach 
e.g. D-B, 



v-ly 



v5y 



Al 



(Ml) 



, move 3 to the right and 6 down 



BD: 



f 1 \ 



V "7 



(b) 



(iii) finding the scalar product 
e.g. 4(3) + 2(-6), 12-12 

valid reasoning 

e.g. 4(3) + 2(-6) = 0, scalar product is zero 

AC is perpendicular to BD 

(i)correct "position" vector for u; "direction" vector for vA1A1N2 



f<z\ 



e.g. u 



V 2 y 



,u 






;v 



(A 
3-J 



(-2\ 



,v 



v-ly 



accept in equation e.g. 



v2y 



+ ? 



-4 

v 2 y 



(ii) any correct equation in the form r -a + tb, where b - BD 



e.g. r = 



(c) METHOD 1 



> 


+ t\ 

l"6y 


' 




= 


f 4 ^ 


+ t 


f-\\ 
V2, 



substitute (3, k) into equation for (AC) or (BD) 
e.g. 3 = 1 + As, 3 = 1 + 3t 



value of t or 5 

1 1 
e.g. s = 



-2 _I 

2 2 3 3 



substituting 

e.g.k = 0+^(2), 

k=\ 
METHOD 2 



setting up two equations 

e.g. 1 + As - 4 + 3t, 2s = -1 - 6f; setting vector equations of lines equal 



value of t or s 

1 1 
e.g. * = 



-2 _I 

2 2 3 3 



(d) PD 



substituting 

e.g. r = 

k=\ 

< 1 x 



r a\ i r 3 ^ 



v-!y 



v u y 



V-2y 



PD 



= V2 2 +l 2 (= V5) 



AC 


= V4 2 +2 2 < 


= V20) 


area 


1 

= —X 

2 


AC 


X 


PD 


f 

V 



= -xV20xV5 

2 



A1N2 
Al 

Rl 

AGNO 



A2N2 

(Ml) 
Al 

Al 

AGNO 

(Ml) 
Al 

Al 

AGNO 

(Al) 

(Al) 
(Al) 

Ml 



= 5 



9.) correct substitutions for v • w, v ; w (A1)(A1)(A1) 

e.g. 2k + (- 3) x (-2) + 6 x 4, 2k + 30; ^2 2 +(-3) 2 + 6 2 , V49; ^k 1 +{-2) 7 

evidence of substituting into the formula for scalar product 
2k + 30 

' 7xjk 2 +20 

correct substitution 

2£ + 30 



A1N4 



,Va 



COS— : 



*'*" 3 7 x jk 1 +20 
fc =18.8 



-4 Z ,V£' 
(Ml) 

Al 

A2 



20 



[17] 



N5 



[7] 



10.) (a) (i) evidence of approach (Ml) 

e.g. PQ = PO + OQ, Q-P 



PQ 



'-1^ 



v!y 



(b) 



Al 



N2 



(ii) PR = 



f->\ 



v 4 / 



METHOD 1 

choosing correct vectors PQ and PR 
finding PQ« PR, PQ 



A1N1 



PR 



(A1)(A1) 
(Al) (A1)(A1) 



PQ«PR =-2 + 4 + 4 (=6) 



PQ 



= 7(-l) 2 + 2 2 +l 2 = (-s/6), PR = V2 2 +2 2 +4 2 (= ^24) 



substituting into formula for angle between two vectors 

f\ 

e a cos RPQ = — = == 

V6xV24 

simplifying to expression clearly leading to — 

6 6 _6_ 

e ' 8 ' V6x2Vo"'Vl44 , 12 

cos RPQ = - 



METHOD 2 

evidence of choosing cosine rule (seen anywhere) 



Ml 



Al 



QR 





v3y 



AGN0 

(Ml) 
Al 



(c) 



QR 



/18, 



PQ 



V6 and 



PR 



cos RPQ = 



(V6) 2 +(V24) 2 -(Vl8) : 



cos RPQ 



6 + 24-1* 



24 



2a/6xV24 



12 

24 



cos RPQ = - 

2 

0) 



METHOD 1 



evidence of appropriate approach 

e.g. using sin 2 RPQ + cos 2 RPQ = 1 , diagram 

substituting correctly 



e.g. sinRPQ = Jl- 



sin RPQ = 



METHOD 2 



■J 

2 



v 



since cos P = — , P = 60° 

2 

evidence of approach 

e.g. drawing a right triangle, finding the missing side 

sin P = — 



(A1)(A1)(A1) 

Al 

Al 
AGNO 

(Ml) 
(Al) 



A1N3 



(Al) 

(Al) 

A1N3 



(ii) evidence of appropriate approach 

e.g. attempt to substitute into —ab sin C 



correct substitution 
e.g. area = — v6 x v24 : 



s 



area 



= 3V3 



(Ml) 



Al 

A1N2 



[16] 



11.) finding scalar product and magnitudes (A1)(A1)(A1) 
scalar product = 12- 20 -15 (= 23) 

magnitudes = V3 2 +4 2 +5 2 , ^4 2 +(-5) 2 +(-3) 2 (V50, V50) 
substitution into formula Ml 

12-20-15 

e.g. cos 



(a/3 2 +4 2 +5 2 ) x ( A /4 2 +(-5) 2 +(-3) 2 ) 



cos = 



23 
50 



(= -0.46) A2 



N4 



[6] 



fa\ 



12.) (a) L V .r= = 



V / 



+ t 



0\ 



vly 



A2 N2 



(b) evidence of equating r and OA 

rc\ f n \ f n \ 



(Ml) 



(c) 



e.g. 



v9y 



2 
4 



-1 

v5y 



,A = r 



one correct equation 

e.g. 6 = 2 + 25, 2 = 4 - 5, 9 = -1 + 5s, s=2 

evidence of confirming for other two equations 

e.g. 6 = 2 + 4, 2 = 4 - 2, 9 = -1 + 10 
so A lies on L 2 



0) 



e.g. 



f 2> 

4 


+ 5 


'2> 

-1 

v5y 


= 


1 

vOy 


+ t 


'°1 


V 1 , 



evidence of approach Ml 



U=U 



one correct equation 

e.g. 2 + Is = 8, 4 - s = 1, -1 + 5s = t 

attempt to solve 
finding s = 3 

substituting 
OB= 4 



e.g. 



OB 



v-!y 



-1 

v5y 



/c\ 



V 14 / 



(ii) evidence of appropriate approach 

e.g. AB = AO + OB,AB = OB-OA 

'2> 



AB 



-1 

v5y 



(d) evidence of appropriate approach 
e.g. AB = DC 

correct values 



e.g. 



OD 



+ 


'2> 

-1 

v5y 


= 


' 2 1 
1 , 

V" 4 J 




+ 


r 2 ^ 
-1 

v5y 


= 


( 2 ) 
1 , 

V" 4 J 


f 2 ^ 
-1 

v5y 


= 


'2-*' 

l-y 

v -4-zJ 



OD 



f n A 



v"9 y 



Al 
Al 

Al 
AGNO 



Al 



(Ml) 
Al 

Ml 



AGNO 



(Ml) 



A1N2 



(Ml) 



Al 



A1N2 



[16] 



13.) evidence of appropriate approach 



e.g. 



(Ml) 



(2^ 
3 


+ s 


{ 5^ 
-3 

v 2 y 


= 


2 
v 2 v 


+ ? 


'" 3 1 
5 



two correct equations A1A1 

e.g. 2 + 5s = 9 - 3t, 3 - 3s = 2 + 5t, -1 + 2s = 2 - f 

attempting to solve the equations 
one correct parameter s - 2, t - -1 



/ 



Pis (12, -3, 3) 



'12^ 



accept 



v3y 



(Ml) 
Al 



Al 



N3 



[6] 



14.) (a) evidence of equating scalar product to (Ml) 
2 x 3 + 3 x (-1) + (-1) x /? = (6-3-/7 = 0, 3-p = 0)A1 

p = 3 Al N2 

(b) evidence of substituting into magnitude formula 

e.g. jl + q 2 +25 ,\+q 2 + 25 

setting up a correct equation 

e.g. ^l+q 1 +25 = 4*2 , 1 + q + 25 = 42, q 2 = 16 

q-±4 



(Ml) 



Al 



A1N2 



[6] 



15.) (a) evidence of correct approach Al 

(3} (2^ 



(b) 



e.g. PQ = OQ-OP, 



v " J 



-1 

v5y 



PQ = 



r n 



v3y 



AGNO 



0) 



e.g. reference to 



M^ 



correct description Rl Nl 



being the position vector of a point on the line, 



V ° J 
a vector to the line, a point on the line. 

(ii) any correct expression in the form r -a + tb 

^3\ ' 1 " 



A2N2 



where a is 



-3 



, and b is a scalar multiple of 



v3 y 



e.g. r ■■ 



r i \ 



V " J 



r a 



V"3y 



,r 



3 + 2s 

-3-45 

8 + 65 



(c) one correct equation 

e.g. 3 + s = -1, -3 - 2s = 5 

/? = -4 

(d) one correct equation 

e.g. -3 + f = -1,9-2* = 5 



ma 



gnitudes ^/l 2 +(-2) 2 +3 2 = Vl4, ^/l 2 + (-2) 3 + (-3) 2 - 
evidence of substituting into scalar product 



14 



e.g. cos = 

3.741. ..x3.741... 

= 1.86 radians (or 107°) 



(Al) 

Al 

A1N2 

Al 



t = 2 








Al 


substituting t-2 




e.g. 2 + 2q — -4, 2q — -6 


Al 


q--3 


AGNO 




'l> 




'1> 




choosing correct direction vectors 


-2 
v3y 


and 


-2 
v"3y 


(A1)(A1) 


finding correct scalar product and magnitudes 


(A1)(A1)(A1) 


scalar product (1)(1) + (-2)(-2) + ( 


-3)(3 


)(=^) 





Ml 



A1N4 



[17] 



16.) (a) (i) evidence of combining vectors (Ml) 

e -S- AB = OB - OA (° r AD = AO + OD in P an ("» 

t 2^ 



AB 



(ii) AD = 



V2y 



f 1 \ 



k-5 

V 2 y 



(b) evidence of using perpendicularity => scalar product = 

r 2\ f 2 ] 

-0 



e.g. 



K-h 



k-5 

v- 2 / 



4 - 4(k - 5) + 4 = 

—4k + 28 = (accept any correct equation clearly leading to k - 7) 
k = l 



Al N2 



Al Nl 



(Ml) 



Al 
Al 
AG NO 



(°) AD = 



BC 



'2^ 

2 

1 



evidence of correct approach 



e.g. OC = OB + BC, 



f 3A 

1 

v 2 y 


+ 


1 


5 


y-l 

v^ 2 y 


= 


i 



oc = 



2 



(d) METHOD 1 

— > -> 
choosing appropriate vectors, jja g£ 

finding the scalar product 

e.g. -2(1) + 4(1) + 2(-l), 2(1) + (-4)(1) + (-2)(-l) 

cos ABC = 

METHOD 2 



(Al) 



Al 



(Ml) 



Al N3 



(Al) 
Ml 

Al Nl 



BC parallel to AD (may show this on a diagram with points labelled) Rl 

-> — > 

BC -L AB (may show this on a diagram with points labelled) Rl 

ABC = 90° 

cos ABC =0 Al Nl 



[13] 



17.) pw - pi + 2pj — 3pk (seen anywhere) (Al) 

attempt to find v + pw 

e.g. 3i + 4j + k + p(i + 2/ - 3&) 

collecting terms (3 + /?>' + (4 + 2/?)/ + (1 - 3/?) A; 

attempt to find the dot product 
e.g. 1(3 +/?) + 2(4 + 2/7) -3(1 -3/7) 

setting their dot product equal to 
e.g. 1(3 +p) + 2(4 + 2p) - 3(1 -3p) = 

simplifying 

e.g. 3 +/7 + 8 + 4p-3 + 9p = 0, Up + 8 = 

f 8 ' 
P = -0.571 - — 

I 14 



(Ml) 

Al 
(Ml) 

(Ml) 

Al 

Al N3 



[7] 



18.) (a) 



(i) evidence of approach Ml 


e -S- AO +OB = AB, B ~ A 




(-^ 




AB = 


6 





AG NO 



(ii) for choosing correct vectors, ( ^q with »g , or q^ with 

BA) (A1)(A1) 

Note: Using AO with BA will lead to 
0.799. If they then say BAO 



= 0. 799, this is a correct solution. 



calculating AO * AB ' 



AO 



AB 



(A1)(A1)(A1) 



e.g. drd 2 = (-1X-4) + (2)(6) + (-3X-1) (= 19) 

| rfl | = V(-l) 2 + 2 2 + (-3) 2 (=Ju), 
K 2 hV(-4) 2 + 6 2 + (-l) 2 (=V53) 
evidence of using the formula to find the angle 
(-l)(-4) + (2)(6) + (-3)(-l) 



Ml 



^• COS =V(-l) 2 + 2 2 + (-3) 2 V(-4) 2 + 6 2 + (-l) 2 

19 

,0.69751... 



V14V53 

BAO = 0.799 radians (accept 45.8°) 

(b) two correct answers 

e.g. (1, - 2, 3), (-3, 4, 2), (-7, 10, 1), (-11, 16, 0) 

f 1 ^ '-3^ 



Al N3 

A1A1 

N2 



(c) (i) 



r - 



v3y 



V 2 / 



A2 N2 



( k A 

-k 

v5y 


= 


'1> 

-2 

v3y 


+ t 


r -3\ 
4 

V 2 , 



(ii) C on L 2 , so 



evidence of equating components 
e.g. \-'St = k,-2 + 4t = -k,5 = 'S + 2t 
one correct value t - 1 , k - —2 (seen anywhere) 
coordinates of C are (-2, 2, 5) 
(d) for setting up one (or more) correct equation using 



(Ml) 

(Al) 

(Al) 
Al N3 



f" 2A 

2 
v5y 


= 


'3^ 

-8 


+ p 


< l N 

-2 



e.g. 3 + p - -2, -8 - 2/7 = 2, - p - 5 
p = -5 



(Ml) 



Al N2 



[18] 



19.) evidence of equating vectors (Ml) 
e.g. L x = L 2 

for any two correct equations 

e.g. 2 + s = 3-t,5 + 2s = -3 + 3t,3 + 3s = S-4t 

attempting to solve the equations 

finding one correct parameter (s - — 1, t = 2) 

the coordinates of T are (1, 3, 0) 



AIM 



(Ml) 
Al 



Al N3 



[6] 



20.) (a) (i) evidence of approach (Ml) 

'9-6^ 



e.g. AO + OB,B-A, 



-6 + 2 
15-10 



f -x \ 



AB = 



v5y 



(accept (3, 4, 5)) Al N2 

(ii) evidence of finding the magnitude of the velocity vector 
e.g. speed = V3 2 +4 2 +5 2 
speed = V50 (= 5V2) 

(b) correct equation (accept Cartesian and parametric forms) 



e.g. r = 



(6^ 
-2 

v!0y 


+ t 


r 3^ 
-4 

v5y 


,r = 


f 9 A 

-6 


+ ? 


' 3 1 
-4 

v5j 



Ml 

Al Nl 

A2 N2 



[6] 



21.) (a) (i) evidence of approach Ml 



e.g. B-A, AO + OB, 



V 4 y 



v3y 



AB 



(S\ 



vh 



AG NO 



(ii) evidence of approach 



(Ml) 



(c) 



(d) 



e.g. D-A, AO + OD, 



fn\ 



v5y 



rn 



v3y 



AD: 



rn 

3 
v 2 / 



(iii) evidence of approach 

e.g. AC = AB + AD 
correct substitution 



e.g. 



AC 



(5} 



vb 



3 
V 2 7 



AC = 



^ 



v3y 



(b) evidence of combining vectors (there are at least 5 ways) 
e.g. OC = OA + AC,OC = OB + AD,AB = OC-OD 
correct substitution 



e.g. 



OC 



ri> 




^ 




f 


^7Y 


2 


+ 


5 




- 


7 


U 




v3y 




V 


v 6 JJ 



coordinates of C are (7, 7, 6) 

(i) evidence of using scalar product on AB and AD (Ml) 

e* AB.AD =5(1) + 2(3) +1(2) 

AB«AD=13 Al N2 



(ii) 



AB 



= 5.477..., 



AD 



3.741... 
AB«AD 



evidence of using cos A - 

correct substitution 
13 



AB 



AD 



e.g. cos A = 



20.493... 
A = 0.884 (50.6°) 

METHOD 1 



V< 



AD 



AB 



sin DAB 



evidence of using area = 2 

correct substitution 

e.g. area = 2 ( - (3.741. ..)(5.477...) sin 0.883... 

area = 15.8 

METHOD 2 

evidence of using area - b x h 
finding height of parallelogram 



J 



Al N2 

(Ml) 
Al 



AG NO 

(Ml) 
Al 



Al Nl 



(A1)(A1) 

(Ml) 
Al 



Al N3 

(Ml) 
Al 

Al N2 



(Ml) 
Al 



e.g. h = 3.741... x sin 0.883... (= 2.892...), h = 5.477... x sin 0.883... (= 4.234...) 
area =15.8 Al N2 



[18] 



22.) (a) (i) evidence of combining vectors (Ml) 

e-g- AB = OB-OA 



AB = 



K-h 



Al N2 



(ii) AC = 



-2 



A1N1 



(b) 



0) 



AB . AC = (-2)(3) + (-3X-2) = Al Nl 



(ii) scalar product = => perpendicular, = 90° 
sin = 1 



(Rl) 

A1N2 



[6] 



23.) (a) Using direction vectors u = 



'-2> 



v 10 y 



and v = 



r c\ 



10 

v 2 y 



(Ml) 



|„| = ^4 + 36 + 100 = Vl40,|v| = V36 + 100 + 4 = 7l40 A1A1 
M»v = 12 + 60-20 = 52 Al 

52 



cos = 



/140V140 



Al 



52 



= AG NO 



140 



(b) 



(i) For substituting s - 1 (Ml) 

Correct calculations (Al) 

9 + l(-2) = 7, 4 + 1(6) = 10, -6 + 1(10) = 4 



position vector of P is 



10 

v 4 / 



(ii) For substituting into the equation 



f n\ 



10 

v 4 y 



m 

20 

v 2 y 



Al N3 



f c\ 



10 

v 2 y 



For one correct equation 
e.g. 7 = 1-6* 
Solving gives t--\ 

verify for second coordinate, 10 = 20 + (— 1)(10) 
verify for third coordinate, 4 = 2 + (-l)(-2) 
Thus, P is also on L 2 . 



(c) k 



f oA 



v 10 y 



-2k = 6 



f ^ \ 



v -30 y 



(Ml) 

Al 

Al 

Al 
Al 
AGN0 



(Ml) 



k = -3 

x--3 x 6 = -tt 



24.) (a) Finding correct vectors, AB 






AC 



f i\ 



vly 



Substituting correctly in the scalar product AB • AC = 4(-3) + 3(1) 
= -9 AG NO 



A1A1 
Al 



(b) 



AB 



= 5 



AC 



= VTo 



Evidence of using scalar product formula 

-9 

e o cos BAC = — = = -0.569 (3 s.f.) 
5V10 

BAC = 2.47 (radians), 125° 



25.) (a) Attempting to find unit vector (ej,) in the direction of b (Ml) 



Correct values = 



1 



V3 2 +4 2 +0 2 



vOy 



Al 



0.8 

vOy 



Al 



Finding direction vector for b, v\, = 18 x e\> 
^10.8^ 



(Ml) 



b = 



14.4 
v °y 



Al 



Using vector representation b -bo + tv/, (Ml) 
r 0~\ fl0.8 A 





v5y 



14.4 

v j 



AG NO 



(b) 



0) 



t = 0^ (49,32,0) Al Nl 



Substituting correctly vn - -^(-48) 2 + (-24) 2 + 6 2 



(c) 



(ii) Finding magnitude of velocity vector 
Substituting c 

= 54 (km If 1 ) 

(i) At R, 



^10.8?^ 
14.4? 



v 5 j 



49-48? 

32-24? 

6? 



Al 



t = - (= 0.833)(hours) Al Nl 

6 



Al 

A1N2 



(A1)(A1) 

Ml 



A1N3 



(Ml) 
Al 

A1N2 



[16] 



[7] 



(ii) For substituting t = — into expression for b or h 

6 

(9, 12, 5) 



(Ml) 

A2N3 



[15] 



26.) (a) h»v = 8 + 3+/? (Al) 

For equating scalar product equal to zero 
8 + 3+/? = 

p = -U 



(b) |«| = ^2 2 + 3 2 +(-l) 2 =Vl4, 3.74 
^Vl4 = 14 
9 = Vl4 (=3.74) 



(Ml) 

Al N3 
(Ml) 

Al 

Al N2 



[6] 



27.) Note: In this question, accept any correct vector notation, including row 
vectors eg (I, 2, 3). 

(a) (i) PQ = OQ - OP (Ml) 

= i-2j + 3k Al 

(ii) r=op+sPQ (Ml) 

= -5i + 1 1/ -8fc + s(i -2j + 3k) A 1 

= (-5+s)i + (U-2s)j + (-S + 3s)k AG 

(b) If (2,y h z{) lies on L 1 then-5+s = 2 (Ml) 

5 = 7 Al 

■y 1 = _3 >Zl = 13 A1A1 

(c) Evidence of correct approach (Ml) 
eg (-5 + s)i + (11 - 2s) j + (-8 + 3s) k = 2i + 9/ +13A: + f(/ +2j + 3ifc) 

At least two correct equations A1A1 

eg -5 + s = 2 + t, 11 - 2s = 9 + It, -8 + 3s = 13 + 3t 

Attempting to solve their equations (Ml) 

One correct parameter (s = 4, t = -3) Al 

Ox =-i + 3j + 4k A2 

(d) Direction vector for L\ is d\ - i — 2j + 3k (Al) 

Note: Award A1FT for their vector from (a)(1). 

Direction vector for L 2 is rf 2 - i ~ V + 3k 
d 1 *d 2 = 6, IdJ = Vl4, |d 2 | = Vl4, 



cos 



14^14 



' _6_ = 3^ 
14 7 



v 



j 



= 64.6° (= 1.13radians) 

Note: Award marks as per the markscheme 
if their (correct) direction vectors give 



(Al) 
(A1)(A1)(A1) 

Al 
Al 



N2 



NO 



N3 



N4 



N4 



dj • </ 2 = 6, leading to - 115° 
(- 2.01 radians). 



[22] 



28.) (a) speed = A /3 2 +4 2 +10 2 (Ml) 

= -J 125 - 5V5 , 11.2, (metres per minute) 



fn\ 



(b) Let the velocity vector be 



Finding a velocity vector 



eg 



\ C J 



f 20 

16 
39 


= 


'-5^ 
10 

23 


+ 2 


b 


5 


'3> 
16 
39 


- 


r -5\ 
10 

23 



Dividing by 2 to give 



^ A _ 5 \ ( A \ 



f A \ 

3 



v z / 



10 

23 



+ t 



\"y 



(c) 



0) 



AtQ, 



f 3> 

2 
v 7 7 


+ ? 


4 
V 10J 


= 


'-5^ 
10 

23 


+ t 


3 



(Ml) 



Setting up one correct equation 

eg 3 + 3t = - 5 + At, 2 + At = 10 + 3t, 7 + 10? = 23 + St 

f = 8 
Correct answer 
eg after 8 minutes, 13:08 
(ii) Substituting for t 



v ^ 

2 



^ A ^ 



3 

4 

v 10 y 



, or 



K Z J 



'-5^ 
10 

23 



x = 27, y = 34, z = 87 or (27, 34, 87), or 



(d) For choosing both direction vectors d\ - 



( T.\ 



v 10 y 



r 4 \ 
3 

'27> 

34 
v 87 y 



and di - 



( A \ 

3 

v»y 



Al N2 



A2 



Al 



AG NO 



Al 

(Al) 
Al 

(Ml) 



N3 



Al N2 



(Al) 



rfi«rf 2 =104, |d,| = V125, |d 2 | = V89 
104 



cos = 



= 0.98601... 



Vi25~V89 
= 0.167 (radians) (accept =9.59°) 



(A1)(A1)(A1) 

Al 

Al N3 



[17] 



29.) (a) (i) Evidence of approach 

'0^ (6^ 



(b) 



eg JQ = 



7 
v 10 y 







, JQ = JO + OQ 



JQ = 



r (C\ 



v 10 y 



f (. \ 



(ii) MK = 



0) 



v 10 y 



f(C\ 



r - 



vOy 



f_fC\ 



+ t 



v 10 y 



or r - 



f c\\ 



v 10 y 



+ t 



r_fC\ 



v io y 



Note: Award Al if "r - " is missing. 
(ii) Evidence of choosing correct vectors 7 . - 7 



v 10 y 



v 10 y 



v 10 y 



v 10 y 



Ml 



AG NO 



Al Nl 



A2 N2 



Evidence of calculating magnitudes 

eg V(-6) 2 +7 2 +10 2 =Vl85 ^6 2 +(-lf +10 2 
= Vl85 

A 6^ (6} 

= -36-49 + 100 (=15) (accept -15) 



(A1)(A1) 
(A1)(A1) 



For evidence of substitution into the correct formula 



(Al) 



Ml 



15 



f 



eg cos 

/ 
accept - 

V 



/l 85 VI 85 



15 
185 



= 0.0811 



J 



15 



/185V185 



= 1.49 (radians), 85.3° 
(c) METHOD 1 

Geometric approach 
Valid reasoning 



Al N4 

(Ml) 

A2 



eg diagonals bisect each other, OD - OM + — MK 



Calculation of mid point 

^ 6 + + 7 0+10 ^ 

~2T , ~2r' 2 , 



eg 



OD 



'3^ 

3.5 

v5y 



(accept (3,3-5,5)) 



METHOD 2 

Correct approach 

^6\ (-6^ 



eg 







+ t 



7 
v 10 y 



7 
v 10 y 



+ s 



f f. \ 



v 10 y 



Two correct equations 

eg 6 - 6? = 6s,7f -1 -Is, 10? = 10s 

Attempt to solve 

One correct parameter 

5 = 0.5 r = 0.5 



OD 



'3^ 

3.5 

v5y 



(accept (3,3.5,5)) 



METHOD 3 

Correct approach 

'0^ (-6^ 

+ t 



eg 



1 
v 10 y 



7 
v 10 y 



AnA 



vOy 



+ 5 



f t. \ 



v 10 y 



Two correct equations 

eg - 6t = 6s, 1 + It = 1 - Is, 10 + 10/ = 10-y 

Attempt to solve 

One correct parameter 

5 = 0.5 f = -0.5 

r 3 ^ 

— > 

OD= 3.5 (accept (3, 3.5, 5)) 



(Al) 



Al N3 



(Ml) 



Al 



(Ml) 



Al 



Al N3 



(Ml) 



Al 



(Ml) 



Al 



Al N3 



[16] 



30.) (a) 



PQ = 



^5^ 
V"3y 



A1A1 N2 



(b) Using r-a + tb 



V 



WJ 



+ t 

\ 6 J v~ 3 y 



A2A1A1 N4 



[6] 



31.) (a) (i) Evidence of subtracting all three components in the correct order Ml 

e § AB = OB -OA=(4i-5/ + 21A:)-(2i + 37+fc) 

= li -8/ + 20* AG NO 

(ii) I a B I = ^2 2 +(-Sf +20 2 (= V468 = 6^13 = 2VTl7 = 21.6) (Al) 



(b) 



B= — U(2i-8/ + 2Qk) 

V468 



Al N2 



/468 V468 



20 
/468 



■*, 0.0925* -0.3707 + 0.925*, etc. 



(iii) If the scalar product is zero, the vectors are perpendicular. 

Note: Award Rl for stating the relationship between 
the scalar product and perpendicularity, seen 
anywhere in the solution. 



Rl 



f 



Finding an appropriate scalar product 



H«OAor AB«OA 



Ml 



J 



eg m • OA 



f 2 ^ 



/468 



x2 



\ 



V V468y 



x3 



20 ' 
/468 



x 1 



4-24+20 
V468 



AB «OA =2x 2 + (-8)x 3 + 20x1 

w«OA = 0or AB»OA = 

0) 

2 + 4 3-5 1+21 



EITHER 



Therefore, OS = 3* _ 7 + 11* (accept (3, — 1, 11)) 
OR 

OS = OA+-AB 

2 

1 



Al NO 

(M1)(A1) 

Al N3 



= (2i + 3/ + *) + - (2i + 8/ + 20*) 



OS = 3i'-7+ll* 
(ii) L v \r = (3i -/ + 11*) + ? (2i + 3/ + 1*) 



(Ml) 




(Al) 




Al 


N3 


Al 


Nl 



(c) Using direction vectors (eg 2i + 3/ + \k and —Ii + 5/ - 3&) (Ml) 
Valid explanation of why h x is not parallel to L 2 Rl N2 

eg. Direction vectors are not scalar multiples of each other. 
Angle between the direction vectors is not zero or 180. 
Finding the angle 

d\ • d 2 ^ I rfil I d 2 \ ■ 

Note: Award ROfor "direction vectors are not equal". 

(d) Setting up any two of the three equations 
For each correct equation 
eg 3 + It = 5 - 2s, -1 + 3t = 10 + 5s, 11 + t = 10 - 3s 

Attempt to solve these equations 

Finding one correct parameter (s - — 1, t = 2) 

P has position vector li + 5/ + 13& A2 N4 

Notes: Award (M1)A2 if the same parameter is used 
for both lines in the initial correct equations. 
Award no further marks. 



(Ml) 
A1A1 



(Ml) 
(Al) 



[19] 



32.) (a) (i) 



AB = OB - OA 



(Al) 



v5y 

5 
v 10 y 



V"5y 



(ii) AB = A /l0 T + 5 2 + 10 2 

= 15 

(b) Evidence of correct calculation of scalar product (may be in (i), (ii) 
or (iii)) 

(i) AB AE = ((-6X-2) + 6(-4) + 3(4)) 

(ii) AB- AD = ((10)(-6) + 5(6) + 10(3)) 

(iii) AB- AE = ((10)(-2) + 5(-4) + 10(4)) 

(iv) 90° 



f i^ 
or — 

v 2 y 



(c) Volume = I AB I x | AD | x I AE I 

= 15x9x6 

= 810 (cubic units) 

(d) Setting up a valid equation involving H. There are many possibilities. 



Al 


N2 


(Ml) 




Al 


N2 


Al 




Al 


Nl 


Al 


Nl 


Al 


Nl 


Al 


Nl 


(Al) 




Al 


N2 



eg OH = OG + GH,OH = OA + AE + EH, 



Using equal vectors 



f x-9^ 
y-4 

v z-12 y 



r mA 



10 



v -10, 



(Ml) 
(Ml) 



e £GH=-AB,EH=AD 



OH = 



coordinates of H are (—1,-1,2) 



{ 9 ' 




W 




'-1> 




r 7 a 




f -7> 




'-6^ 




r -l\ 


4 


- 


5 


= 


-1 


,OH = 


-3 


+ 


-4 


+ 


6 


= 


-1 


l 12 v 




v 10 y 




v 2 y 




v"5y 




v 4 y 




v 3 y 




v 2 J 



(e) HB : 



vh 



Al N3 



Al 



Attempting to use formula cos 



P = 



AGHB 



AG 



HB 



(Ml) 



2x18+7x3+17x3 



" 72 2 +7 2 + 17 2 Jl8 2 + 3 2 + 3 2 

= 0.31578... 

P=71.6° (=1.25 radians) 



108 



/342 V342 



33.) (a) AB=OB-OA 



5 



v3y 



v 1 / 



(Ml) 



AB = 



^ oA 



V 2 / 



(b) Using r-a + tb 



'x\ (3\ (-2\ (x\ (\\ (-2^ 

y 



\Zj 



vb 



v 2 / 



or 



v3y 



v 2 ; 



Al 

(Al) 
Al N3 



A2 N3 



A1A1A1 N3 



[19] 



[6] 



34.) (a) AB= 



r 1 ^ 


-» 


f T ^ 






, OR = 




A1A1 N2 


l"3y 




^3-3x y 





( b ) AB«OR = x-3(3-3x) 
AB«OR=0 (10jc-9 = 0) 



Ris 



v 



9_ _3_ 
lO'lO 



Al 
Ml 

A1A1 N2 



[6] 



35.) (a) OQ = 5i + 5j-5k A2 2 

(b) BD=5i' + 5A: 

(c) EB = 5i + 5/ - 5A: 

Note: Award A0(A2)(A2) if the 5 is consistently omitted. 



A2 
A2 



2 
2 



[6] 



36.) (a) Finding correct vectors, AB 



(b) 



fA\ 



v3y 



— (-A 

AC = 1 



A1A1 



Substituting correctly in the scalar product 
AB-AC=4(-3) + 3(l) 
= -9 



lABl = 5 lACl= V10 

Attempting to use scalar product formula cos BAC 

= -0.569 (3 s.f) 



5V10 



Al 
AG 

(A1)(A1) 

Ml 
AG 



[6] 



37.) (a) Attempting to find unit vector (e fe ) in the direction of b (Ml) 

1 
Correct values = 



1 



V3 2 +4 2 +0 2 



'0.6^ 
0.8 



vOy 



Finding direction vector for b, Vj, - 18 x ej, 

^10.8^ 



b = 



14.4 

v j 



Using vector representation b =b$ + tv/, 





v5y 



14.4 

v j 



Al 



Al 



(Ml) 



Al 



(Ml) 



AG 



(b) 



(c) 



(i) t = => (49, 32, 0) Al 

(ii) Finding magnitude of velocity vector 

Substituting correctly v h - ^(-48) 2 +(-24) 2 +6 2 



= 54(km h l ) 



0) 



AtR, 



^10.8^ 
14.4? 



v 5 , 



49-48? 

32 - 24/ 

6? 



t= ± (= 0.833) (hours) Al 

o 

(ii) For substituting t - — into expression for b or h 
(9,12,5) 



Al 



(Ml) 
Al 

Al 



Ml 

A2 



[15] 



38.) METHOD 1 

Using ab-ab cos (may be implied) 

'3W-2^ 



f 3\ (-2" 



V 4 / 



v 1, 



v 4 / 



v 1, 



COS0 



Correct value of scalar product 



^ oA 



v ly 



Correct magnitudes 

-2 



f'X \ 



vS 



= V25(=5), 



,f2 

I 



¥ 



^Wfl 


Vl25 


METHOD 2 


(3 | 


= V25 


r-2 
I 1 


= V5~ 


(5 | 
I 3 J 


= V34 


Using cosine rule 


34 = 25 +5 -25^5 cos 


2 

cos = = 



(Ml) 
(Al) 

= (3x-2)+(4xl)=-2 (Al) 

(A1)(A1) 

(Al) (C6) 

(Al) 
(Al) 

(Al) 

(Ml) 
(Al) 

(Al) (C6) 



[6] 



39.) (a) 



(i) 



(b) 



AB = 

f800 
600 



^200 ^ 
400 



v 



j 



f600 

'-^200 



(Al) 



(ii) | AB |=V800 2 4600 2 =1000 ( must be seen ) 



unit vector = 



1 



v 



800 
600 



1000 
_ '0.8 ' 

Note: A reverse method is not acceptable in "show that" 
questions. 



(Al) 


(N2) 


(Ml) 




(Al) 




(AG) 


(N0)4 



0) 



v = 250 



V 



0.8 
0.6 



(Ml) 



^200 
150 



(AG) (NO) 



V 



Note: A correct alternative method is using the given vector 
equation with t - 4. 



(ii) at 13:00, t=\ 



x \ fSOO ^ 20p 
' '^200 ~^J 150 



V^ J 



-400 
-50 



(Ml) 
(Al) (Nl) 



(c) 



(iii) 



Iab kooo 

1000 



Time 



250 



: 4 (hours) 



over town B at 16:00 (4 pm, 4:00 pm) 
(Do not accept 16 or 4:00 or 4) 



(M1)(A1) 



(Al) (N3)6 



Note: There are a variety of approaches. The table shows some of them, with 
the mark allocation. Use discretion, following this allocation as closely as 
possible. 



Time for A to B to C 
= 9 hours 



Distance from A to B to 
C 

= 2250 km 



Fuel used from A to B 
= 1800x4 ^200 litres 



Light goes on after 
16000 litres 



Light goes on after 
16000 litres 



Fuel remaining 
= 9800 litres 



Time for 16 000 
litres 



Distance on 16000 litres 



16000 
1800 



x250 



Hours before light 
8800 
1800 



= 4-(=4.889) 
9 V ; 



(Al) 



(Al) 



(Al) 
(Al) 



16000 
" 1800 

= 8-(= 8.889) 
9 

Time remaining is 

= -(=0.111) hour 
9 



Distance =-x250 
9 

= 27.8 km 



= 2222 -(=2222.22) km 
9 



Distance to C 

= 2250 - 2222.22 

= 27.8 km 



Time remaining is 

= -(=0.111) hour 

9 V ' 



Distance =-x250 
9 

= 27.8 km 



(Al) 



(A2) (N4) 7 



[17] 



40.) (a) V 16 + 9 = V25 = 5 (M1)(A1) 



(b) 
(c) 



f iA 



v h 



+ 2| 

-2 
1 



ftC\ 



fj 



+ t 



(so B is (6, 7) ) 



(not unique) 



(C2) 



(M1)(A1) (C2) 
(A2) (C2) 



Note: Award (Al) if " r — " is omitted, ie not 
an equation. 



[6] 



41.) 



(a) 
(b) 



(\2-A 



DE 



11-5 



8^ 



(M1)(A1) 



IdeI = v 8 
= 10 



2 +6 2 (=^64 + 36) 



(c) Vector geometry approach 

Using DG = 10 

(x-4) 2 + (y-5) 2 = 100 

Using (DG) perpendicular to (DE) 



Leading to qq = 



DG 



v "J 



v "y 



(N2) 



Using DG = DO + OG (° is the origin) 

G (-2, 13), G (10, -3) (accept position vectors) 

Algebraic approach 

6 
gradient of DE = — 
6 8 

Q 

gradient of DG = 



(Ml) 
(Al) (N2) 

(Ml) 

(Al) 
(Ml) 



(A1)(A1) 

(Ml) 
(A1)(A1) 

(Al) 
(Al) 



equation of line DG is y - 5 (x-4) (Al) 

Using DG = 10 (Ml) 

(x-4) 2 + (y-5) 2 = 100 (Al) 

Solving simultaneous equation (Ml) 

G (- 2, 13), G (10, -3) (accept position vectors) (A1)(A1) 

Note: Award full marks for an appropriately 
labelled diagram (eg showing that DG —10, 
displacements of 6 and 8), or an accurate 
diagram leading to the correct answers. 



[12] 



42.) (a) p = 2 => 



w 






+ 2 



( 5 ) 



(Al) 



(accept any other vector notation, including (10, 6) ) 



v "/ 
(b) METHOD 1 

(i) equating components 

+ 5p = 14 + q , 12 - 3p = + 3q 
p = 3, q =1 



(Al) (N2) 

(Ml) 
(Al) 
(A1)(A1)(N1)(N1) 



(ii) The coordinates of Pare (15, 3) (accept x= 15, y = 3 ) (A1)(A1)(N1)(N1) 

METHOD 2 

(i) Setting up Cartesian equations (Ml) 

x - 5p x-lA + q 

y =12 3/7 y = 3q 

giving 3x + 5y = 60 3x-y = 42 (Al) 

Solving simultaneously gives x = 15, y = 3 

Substituting to find p and q 



^lO 'll\ / S N /TO ^4^ ^A 



15 



v3y 







v 12 y 



+ P 



vOy 



+ 9 



v3y 



/? = 3 q - 1 



(A1)(A1)(N1)(N1) 



(ii) From above, P is (15, 3) (accept x = 15, y = 3 seen above) (A1)(A1)(N1)(N1) 



[8] 



43.) Direction vectors are a = i - 3/ and b = i -j. 

ab = (l + 3) (Al) 

\a\ = VlO, \b\ = V2 (Al) 

f A \ 



(A2) 



a b 



cos = 



\a\\b\ 



10V2 



(Ml) 



COS = 



(Al) (C6) 



[6] 



44.) (a) 



(i) 



AB = OB - OA = 



(c) 



(Ml) 



(Al) 



(N2) 2 



(ii) 



AB = V25 + 1 

= V26 (=5.10 to 3 sf) 

Note: An answer of 5.1 is subject toAP. 



(Ml) 
(A1)(N2) 



(b) AD = OD - OA 



v 23 y 



r d-2 

25 

0) 



(A1)(A1) 



V " J 



EITHER 



BAD = 90 



vly 



3 => AB • AD = or mention of scalar (dot) product. (Ml) 

fd-2" 



V ^ J 



25 

-5d + 10 + 25 = 
d = l 

OR 

Gradient of AB = 

Gradient of AD = 



= 



(Al) 
(AG) 



1 
5 

25 



f 



v 



■J 



(ii) OD: 

(d) AD = BC 
'5^ 



25 

d-2 

>d = l 

r 7 ^ 



(-- 



d-2 



= -1 



23 



(correct answer only) 



BC = 



v 25 y 



OC = OB + BC 

r -3] rs^ 



(Al) 

(Al) 
(AG) 

(Al) 

(Ml) 
(Al) 
(Ml) 



OC: 



v-1/ 



2^ 
24 



v 25 y 



(Al) (N3) 
Note: Many other methods, including scale drawing, are 



acceptable. 



(e) 



AD 



or 



BC 



= V5 2 +25 2 =V650 



Area = V26 x V650 =( 5.099 x 25.5) 
= 130 



(Al) 



(Al) 2 



[15] 



45.) (a) (i) BC = OC-OB 

= -6i -2/ 

(ii) OD = OA+BC 

= -2i -ey( =2i) 

(b) BD = OD-OB 
= -3i -By 

AC = OC-OA 
= -9i 4/ 

Let be the angle between gjj and AC 



(c) 
(d) 



cos 



\-3i + 3j)*{-9i-in 



v 



(A1)(A1) 


(N2) 


(A1)(A1) 


(N2)4 


(Al) 




(Al) 





(-3/ + 3j)||-9/-7j| 

numerator = + 27 - 21 (=6) 

denominator = Vl8 Vl30 (=^2340) 

6 

therefore, cos = . 

V2340 

= 82.9° (1.45 rad) 
r=i-3j -tr(2i 4?j) (=(l + 2*)i + (-3 *0/) 
EITHER 
4i + 2/ + 5(1 + 4/) = i - 3/ + f (2i + 7/) (may be implied) 

4 + 5 = 1 + 2? 
2 + 4s = -3 -47r 

f = 7 and/or 5 = 11 

Position vector of P is 151+46/ 

OR 

7x - 2y 43 or equivalent 

4x — y 44 or equivalent 
x = 15,y = 46 



(Ml) 

(Al) 
(Al) 



(Al) 


(N3)6 


(Al) 


(Nl)l 


(Ml) 




(Al) 




(Al) 




(Al) 


(N2) 


(Al) 




(Al) 




(Al) 





Position vector of P is 15/ + 46/ 



46.) METHOD 1 

At point of intersection: 

5 + 3 =-2 + 4/ 
1-2 =2+? 

Attempting to solve the linear system 
= -1 (or t = 1) 

— (A 

OP = 

METHOD 2 

(changing to Cartesian coordinates) 
2x + 3y = 13,jc-4y = -10 
Attempt to solve the system 



(Al) (N2)4 



OP = 



v3y 



[15] 



(Ml) 
(Ml) 

(Ml) 
(Al) 

(A1)(A1) (C6) 



(M1)(A1)(A1) 

(Ml) 

(A1)(A1) (C6) 



Note: Award (C5)for the point P(2, 3). 



47.) (a) c-rf = 3x5 + 4x(-12)(Ml) 
= -33 (Al) (CI) 



[2] 



48.) (a) 



= q-p 



f o \ 



V-2 y 



OR = PQ 

(A1)(A1) 



v3y 



(Al) 3 



(b) cos 0P Q = 



POPQ 



PO 



PQ 



PO 



= V(-7) 2 +(-3) 2 = V58, 



PO • PQ = -21 + 6 = -15 

-15 -15 



cos 



OPQ 



58Vl3 V754 



(Al) 



PQ 



= V3 2 + (-2) 2 = Vl3 (A1)(A1) 

(Al) 

(AG) 



(c) 



0) 



cos PQR = -cos OPQ 



Since OPQ + PQR =180° (Rl) 

' 15 ^ 



V 



V754 



(AG) 



(ii) sinPQR= 1_ 



< 15 ^ 



V754 



529 
^754 

23 
V754 



OR 



cos = 



15 



V754 



(Ml) 

(Al) 
(AG) 




therefore x = 754 - 225 = 529 => x = 23 
23 



=> sin = 



V754 



(Ml) 
(Al) 
(AG) 



Note: Award (Al)(A0)for the following solution. 



15 



cos = 



= 56.89 c 



V754" 

sin = 0.8376 

23 

= 0.8376 => sin = 



23 



V754 



V754 



PQxQRxsinPQR 

23 



(iii) Area of OPQR = 2 (area of triangle PQR) 

1 
= 2X - 

2 

= 2x-Vl3V58 j— 
2 V754 

= 23 sq units. 
OR 
Area of OPQR = 2 (area of triangle OPQ) 



= 2 



'1> 



(7x1-3x10) 



v2y 

= 23 sq units. 

Notes: Other valid methods can be used. 
Award final (Al)for the integer answer. 



(Ml) 
(Al) 

(Al) 
(Al) 
(Ml) 
(A1)(A1) 
(Al) 



[14] 



49.) B,orr = 



r A \ ' /.. > 



fn\ 



v4y 



r>i\ 



+ t 



D, or r = 



\?J 



+ t 



kV 



v2y 



(C3) 



(C3) 



Note: Award C4for B, D and one incorrect, 

C3 for one correct and nothing else, CI for one correct and one 

incorrect, CO for anything else. 



[6] 



W 



v 25 y 



f 1C\\ 



30 



50.) (a) 

= -800(Al) (C2) 



v 40 y 



= 60 x (-30) + 25 x 40 (Ml) 



800 



(b) cos 



60 2 +25 2 J(-30) 2 +40 2 



(M1)(A1) 



Note: Trig solutions: 

Award Ml for attempt to use a correct strategy, Al for correct 

values. 



cos = -0.246... 

= 104.25...° (or 255.75...°) 
She turns through 104° (or 256°) 

Note: Accept answers in radians ie 1.82 or 4.46. 



(Al) 
(Al) (C4) 



[6] 



51.) (a) 



OB: 



v7y 



OC: 



f<3\ 



\ J J 



(A1)(A1) 



(b) 



(c) 
(d) 



AD = BC = OC - OB 



(sC\ 



\ J J 






(9 
v 2 / 



OD = OA + AD = 



r 2\ (9\ fll A ^ ' oN 



v 2 / 



v 2 / 



v 4 / 



or 

V v9y 



d=ll 



accept 



11 

v 4 /y 



BD = 



V 4 y 



r <\ 



V^y 



V"3y 



'3^ m^ 



V"5y 



v 4 /y 



0) 



I: 






v^y 



V"3y 



or 

V K 1 J 



K-hj 



(A2) 



(Ml) 
(Al) 



(Al) 
(Al) 



(ii) At B, t - by observation 
OR 



(Al) 



r-i> 


= 


r-i> 
J j 


+t 


(\2\ 

v-3, 



t = 



(Al) 



(c) 



fn\ 



v5y 



+ t 



'12^ 

V"3y 



^7+1 = 12? = 



=>f = 



(Al) 



Note: The equation 



f W 



V^y 



+ t 



f a\ 



vly 



leads to t — 2. 



r^\ 



when t - — , y - 7 + 
3 



(-3) 



v3y 
=7-2=5 
ie P on line 

OR 

5 - 7 = -3t = -2 

2 

2 2 
when ? = — , jt = -1 H — xl2 

3 3 



= -1 + 8 = 7 



ie P on line 



— m (s^ r-i A 

(f) CP = 



v5y 



12 






V"4y 



= -12+12 = 



v-4, 
Scalar product of non-zero vectors = => are perpendicular 

OR 

Geometric approach 
CP: m = 4 



BD:mi = 



rnrni = 4 x 



-1 

4 

(— 

v4 



= -1 



(Ml) 

(Al) 
(AG) 



(Al) 



(Ml) 

(Al) 
(AG) 



(Al) 

(M1)(A1) 
(R1)(AG) 



(Al) 
(Al) 

(Al) 



Product of gradients is -1 => lines (vectors) are perpendicular (R1)(AG) 4 



[16] 



52.) x = 1 - 2t (Al) 

y = 2 + 3f (Al) 

x-l v - 2 
= - (Ml) 

-2 3 

3x + 2y = 7 (A1)(A1)(A1) (C6) 



[6] 



53.) 




(a) 


ST =t 


-s 

' 7 1 




f 


2^ 








J, 

' 9 1 




V 


2y 








,9, 








vu = sf 








(9 


\ 






u - v = 


v9 

f 9 
















V = u- 


v9 










' 5 1 


9 1 




'-4"| 




— 


vl5, 


V 


% 




V ( 


1 J 



VK 6) 



v9y 



or£ 



(b) Equation of (UV): direction is = 

V > * < . 

^5^ (9\ (5\ (l^ 



r - 



V^y 



+ X 



v9y 



or 



vl5y 



+ X 



vh 



OR 



r = 



v6y 



+ X 



/qA 



v9y 



or 



v6y 



+ X 



/A 



vly 



(O 



f 1 A 



vlly 



(Ml) 



(Al) 
(Ml) 



(Al) 
(Al) 

(Al) 
(Al) 



(Al) 



is on the line because it gives the same value of , for both the x 



and y coordinates. 




For example, 1=5 + 9 


4 

"~ 9 


11 = 15 + 9 


4 

"~ 9 



(Rl) 



(Al) 



(d) 



(i) 



EW = 



^ ro 



V^y 



vlly 



(Ml) 



v 6 , 



(Al) 



EW l = 2V13 



V(«-l) 2 +36 = 2 Vl3 (or (a - l) 2 + 36 = 52) 

(Ml) 



a - 2a + 1 +36 = 52 

2 

a - 2a - 15 = 
a - 5 or a - -3 



(ii) For a = -3 

^ 4 A 



EW = 



v6y 



ET =<-« ! 



/^ 



V-4y 



EW-ET 



EW 



ET 



- 24 - 24 



cos WET : 



/52V52 
12 
~13 
Therefore, WET = 157° (3 sf) 



(Al) 
(A1)(AG) 



(A1)(A1) 

(Ml) 
(Al) 



(Al) 10 



[19] 



54.) Angle between lines = angle between direction vectors. (Ml) 

r 4 \ 



Direction vectors are 



'1^ 



Sa\ 



v3y 



r 1 a 



vly 



r a \ 



v3y 



v3y 

/ 1 A 



v-ly 



and 



v-ly 



• (Al) 



cos 



(Ml) 



4(l) + 3(-l)=(V4 2 +3 2 )fVl 2 + (-l) 



cos (Al) 



cos = 



5V2 



= 0.1414 (Al) 



= 81.9° (3 sf), (1.43 radians) (Al) (C6) 



Note: If candidates find the angle between the vectors 



and 



fn\ 



v4y 



Angle required is between 



, award marks as below: 



f 4 ^ (l> 



r a \ 



vly 



fn\ 



v4y 



r a\ 



v-ly 



r->\ 



v4y 



vly 



cos 



and 



v4y 



4(2) + (-1) 4 = ^4 2 + (-l) 2 ](V2 2 + 4 2 ) 
4 



cos 



17V20 



= cos =0.2169 



r a \ 



v-ly 



(M0)(A0) 

(Ml) 
(Al) 
(Al) 



= 77.5° (3sf), (1.35 radians) 



(Al) (C4) 



[6] 



55.) (i) \a\= Vl2 2 +5 2 = 13 (Al) 



(ii) \b\= V6 2 + 8 2 = 10 



=> unit vector in direction of b - — (6i + 8/) 

10 



= 0.6* + 0.8/ 



(iii) a • 6 = I a 1 6 I cos 

12(6) + 5(8) 



=> cos - 



13(10) 
112 _ 56 

130 " 65 



(Al) 
(Al) 

(Ml) 
(Al) 

(Al) 



[6] 



56.) cos 



a.b 



s - 1 llul 

|a|b 


-4 + 14 


V20V50 


10 


10VT0 


1 



(Ml) 
(Al) 



(=0.3162) (Al) 

= 72° (to the nearest degree) (Al) (C4) 

Note: Award (C2)for a radian answer between 1.2 and 1.25. 



[4] 



57.) (a) At t = 2, 



f 2A 


+ 2 


^0.7^ 

,1; 




( 3A ) 

v2 y 



(Ml) 



Distance from (0, 0) = V3.4 2 +2 2 = 3.94 m (Al) 2 



(b) 



f0.7 



vly 



Vo.7 2 +l 2 



= 1.22 m s 



(c) x - 2 + 0.7 t and y - t 
x - O.ly = 2 

(d) y = 0.6x + 2 and x - O.ly = 2 

( 170 

x - 5.86 and y- 5.52 orx = 

I 29 



160 

and y = 

29 



(e) The time of the collision may be found by solving 

^5.86^1 (2\ fOJ^ 



v 5.52 y 



vOy 



+ 



vly 



tiort 



(Ml) 



(Al) 


2 


(Ml) 
(Al) 


2 


(Ml) 




(A1)(A1) 


3 



(Ml) 



=>f = 5.52 s 

[ie collision occurred 5.52 seconds after the vehicles set out]. 

Distance d travelled by the motorcycle is given by 



d = 



v 2 / 



= V(5-86) 2 +(3.52) : 



'5.86 

v 5.52 

= V46.73 

= 6.84 m 

d 6.84 
Speed of the motorcycle = — = 

J t 5.52 

= 1.24 ms -1 



(Al) 



(Ml) 



(Al) 



(Al) 



[14] 



58.) Direction vector = 



ftC\ 



v5y 






v2y 



M fl) 



OR 



(Al) 
(5) 



v3y 



+ t 



vh 



(Ml) 



(A2) 



^ 



v-v 



+ / 1 



59.) (a) 



^2x^1 fx + l A 



v x -V 



= (M1)(M1) 



v u J 



2x(x+l) + (x-3)(5) = (Al) 
2x 2 + 7x-15 = (C3) 

(b) METHOD 1 



(A2) (C4) 



[4] 



2x + 7x - 15 = (2x - 3)(x + 5) = 

3 
=> x = — or x = -5 

2 



(Al) (CI) 



METHOD 2 



■7±V7 2 -4(2)(-15) 
2(2) 



=> x = — or x = -5 

2 



(Al) (CI) 



[4] 



60.) (a) (i) OA = 



^240 A 
v 70 y 



OA= v / 240 2 +70 2 =250 



(Al) 



unit vector = 



(b) 



(c) 



250 
(ii) 



^240 A 
v 70 y 



v=300 



0.96" 
0.28 y 

0.96 
0.28 



(M1)(AG) 



'288" 
v84 y 



240 5 

(iii) t = - hr (= 50 min) 

288 6 



AB: 



^480 - 240^ 
250-70 



^240 A 
v 180 y 



AB = V240 2 +180 2 =300 

OA«AB (240)(240) + (70)(180) 



cos = 

OAxAB 

= 0.936 
=> = 20.6° 

(i) 



(250)(300) 



(M1)(A1) 
(Al) 
(Al) 

(Ml) 

(Al) 
(Al) 



AX: 



339-240 
238-70 



v 168 y 



(Al) 



(ii) 



f 3] f240 



v4 y 



v 180 y 



= -720 + 720 = 



■n± AB 



(iii) Projection of AX i n the direction of n is 



XY = 



1 



f 99 \ 
v 168 y 



f" 3 l 
v 4 , 



297 + 672 



= 75 



(d) AX = ^99 2 +168 2 = 195 

AY = V1952-75 2 = 180 km 



(M1)(A1) 
(AG) 

(M1)(A1)(A1) 6 

(Al) 
(M1)(A1) 3 



[18] 



61.) 



f\\ r ,--. 



v2y 



v u y 



fi\ 



V 2 7 



Vl 2 +2 2 



= 6- 16 = -10 
( f>\ 



(Al) 



S, 



'0 

v 2 7 




( 6^ 


= 


ft 6 1 



V "y 



cos 



V6 2 +8 2 = Vl00 = 10 (Al) 



-10 = V5 x 10 cos => cos = 
* 117° (Al) 



-10 _ 1 -1 

;=- i= => = arccos - ;=(M1) 

10V5 V5 V5 



[4] 



62.) 



2\(x-A^ 



y + 1 



(Ml) (Ml) 
Notes: Award (Ml) for using scalar product. 



Award (Ml) for 



^x-4^ 
y + \ 



2(x-4) + 3(y+l) = 
2x-8 + 3y + 3 = 
2x + 3y = 5 
OR 



^ 



Gradient of a line parallel to the vector _ is 
Gradient of a line perpendicular to this line is 



So the equation is y + 1 = — (x - 4) 



2 
2 



3y + 3 = -2x + : 
2x + 3y = 5 



(Al) 
(Al) 

(Ml) 
(Ml) 
(Al) 
(Al) 



[4] 



63.) (a) At 13:00, r=l (Ml) 

+ lx 







v 28 y 



v 20 y 



(Al) 2 



f v \ 



(b) 



0) 



Velocity vector: 

' * x f 



f J\ 



v 20 y 



* t ^ \ 



(Ml) 



28 



(km h _1 )(Al) 



v u y 



(ii) Speed = 7(6 2 +(-8) 2 ) J 
= 10; 10 km IT 1 

x = 6? ] 
y = 28 - 8? J 
Note: Award (Ml) for both equations. 



(c) EITHER 



• y = 28 - 8 



^ 



v^y 



(Ml) 
(Al) 

(Ml) 



(M1)(A1) 



Note: Award (Ml) for elimination, award (Al)for equation in 

x,y 

4x + 3y = 84 (al) 



OR 



W6Y ro^ 



\jj 



v "/ 



v 28 y 



^ (. \ 



v u y 



^ X A (Q"< ' A \ 



v?/ 



V"7 



v 28 y 



^cA 



v"/ 



<^> 4x + 3y = 84 



(Ml) 

(M1)(A1) 
(Al) 



(d) They collide if 



(c) 



lies on path; 



EITHER (18, 4) lies on 4x + 3y = 84 
o4x 18 + 3x4 = 84 
<=> 72 + 12 = 84; OK; 
x=18 
=^> 18 = 6t => t = 3, collide at 15:00 



OR 



v4y 



'0^ 

v 28 y 



+ / 1 



for some t, 



<^ 



<^> 



<^> 



18 = 6/ 

and 4 = 28 - 
f = 3 ) 
and 8? = 24 f 

r = 3" 
and t = 3 



They collide at 15:00 

f5 N 



m ris A 



v 



v-v 



v4y 



+ 0-1) 



,12, 



^18 + 5f-5 A 



4 + 12? -12 
13 



V 

+ ? 

Il2j 



j 



v "y 



(f) At t = 3, 



^ ' 



v 28 y 



13 + 3x5 
- 8 + 3 x 12 y 



v 28 y 



U 



10 

24 



A /(10 2 +24 2 )= A /(676) = 26 
26 km apart 



(Rl) 



(Ml) 
(Ml) 
(Al) 



(Al) 
(Al) 



(Al) 
(Ml) 

(Ml) 

(AG) 

(Ml) 
(Al) 

(Al) 
(Al) 



[20] 



64.) u + v = M + 3/ (Al) 

Then a(4i + 3/) = 81 + (b- 2$ 

4a = 8 

3a = b-2 (Al) 
Whence a= 2 (Al) (C2) 

b= 8 (Al) (C2) 



[4] 



65.) Required vector will be parallel to 

r 4 \ 



r 3^ r-i A 



v-l/ 



v4 y 



(Ml) 



V5y 



(Al) 



Hence required equation is r = 



f <\ 



v4y 



f A \ 



+ t 



v 5 y 



(A1)(A1) 



Note: Accept alternative answers, eg 



(C4) 

'3^1 ( A^ 



v-1/ 



+ s 



V"5y 



[4] 



66.) (a) 



flQ\ 



24 



= 30 km h 



l 



(Al) 



r 36 
v-16 



= V36 2 +(-16) 2 



= 39.4 (Al) 2 



(b) 



(i) 

^ ris^ 

and 



v 12 y 



After '/2 hour, position vectors are 
(A1)(A1) 



v u y 



(ii) At 6.30 am, vector joining their positions is 

i a fio\ r n\ r r, \ 



12 



j 
f r^ 



v 20 y 



1 

v" u y 



v 20 y 



(or 



20 



= ^481 (=21.9 km to 3 sf) 
(c) The Toyundai must continue until its position vector is 



yk j 



Clearly k - 24, ie position vector 



24 



To reach this position, it must travel for 1 hour in total. 
Hence the crew starts work at 7.00 am 

(d) Southern (Chryssault) crew lays 800 x 5 = 4000 m 
Northern (Toyundai) crew lays 800 x 4.5 = 3600 m 
Total by 11.30 am = 7.6 km 

Their starting points were 24 - (-8) = 32 km apart 
Hence they are now 32 - 7.6 = 24.4 km apart 

(e) Position vector of Northern crew at 1 1.30 am is 



U 

24-3.6 



^ '18^ 



20.4 



Distance to base camp = 



f 18^ 
20.4 
= 27.2 km 



v 



Time to cover this distance = 



27.2 



x60 



30 

= 54.4 minutes 
= 54 minutes (to the nearest minute) 



(Ml) 

(Ml) 
(Al) 

(Ml) 

(Al) 

(Al) 
(Al) 

(Al) 
(Al) 

(Al) 
(Al) 

(M1)(A1) 

(Al) 

(Al) 
(Al) 



[20] 



67.) Vector equation of a line r - a + t (Ml) 



a - 






,t = 



f->\ 



v3y 



(M1)(M1) 



r = (2i + 3/) (Al) (C4) 



[4] 



■) (a) 







y 

A 


L 


















T. 






C 














n 




















1 
































B 










1 


\ 1 


2 


3 




' 5 




jc 






— 1 
1 


^ 


. 
















— z. 





» 
















—J 




A 

































(A3) (C3) 

Note: Award (Al)for B at (5, 1); (Al)for BC perpendicular to 
AB; (Al ) for AC parallel to the y-axis. 



f n \ 



(b) OC = 



v 3.25 7 



(Al) (CI) 



Note: Accept correct readings from diagram (allow ±0.1). 



[4] 



69.) (a) 


(i) r, = 


_ 16" 
12 


+ f 


"12" 

-5 


t - o => n = 


"16" 
12 


(Ml) 



N= V(16 2 +12 2 ) =20 (Al) 



(ii) Velocity vector = 



12 

-5 



speed = 7(12 2 +(-5) 2 ) 
= 13 



(Ml) 
(Al) 4 



(b) 



X 




16 


+ r 


12 


y 




12 




-5 



(c) 



(d) 



(e) 



5 
12 


X 

y 


= 


5 
12 




6 

12 


+ 


5 
12 


J 


12 

-5 



=> 5x + 12y = 80 + 144 
5x + I2y = 224 

OR 

x-16 y-12 

12 -5 

5x-80=144-12y 
=^> 5x + 12j = 224 

OR 

x= 16+ 12f,y = 12-5f =^f = 



12 -y 



•x=16+12 



12-y 



5x = 80+144-12y 
5x + I2y = 224 



V| = 



12 

-5 



vi-v 2 = 



12 

-5 



v 2 = 
2.5 



2.5 



= 30-30 

=> Vi-V2 = 

=> =90° 

(i) 



(Ml) 

(Al) 
(A1)(AG) 



(Ml) 

(Al) 
(A1)(AG) 



(Ml) 
(Al) 

(A1)(AG) 
(Ml) 

(Ml) 

(Al) 
(Al) 



X 

y 


12 

-5 


= 


23 
-5 





=> 12x - 5y = 23 x 12 + 25 = 301 

OR 

x - 23 _ y + 5 

2.5 6 

=> 6x - 138 = 2.5y + 12.5 
^12x-276 = 5y + 25 
^12x-5y = 301 



12 
-5 
(Al) 



(Ml) 



(ii) 



5x + \2y = 224] 
12x-5.y = 30li 



(Ml) 
(Al) 
(Ml) 



25x +60y =1120 I 

144x _ 60y = 3612J 

169x = 4732 
x = 28, y = (12 x 28 - 301) + 5 = 7 
(28, 7) (A1)(A1) 

Note: Accept any correct method for solving simultaneous 
equations. 

16 + 12? = 23 + 2.5? ^9.5? = 7 (Ml) 

12 -5? = -5 + 6? =>17=11* (Ml) 

7 17 

— *— (Al) 

9.5 11 

=> planes cannot be at the same place at the same time (Rl) 

OR 



n = 



<^> 



28 


<=^ 


28 




16 


+ f 


12 


7 




7 




12 




-5 



12? = 12 



5? = -5 
When t = 1 r 2 = 

OR 

f2 = 



<=>/ = 1 



23 


+ 


2.5 




25.5 


* 


28 


-5 




6 




1 




7 



28 


<=> 


28 




23 


+ / 


2.5 


7 




7 




-5 




6 



<^>/ = 2 



(Ml) 

(Al) 

(A1)(R1) 



(Ml) 
(Al) 4 



[20] 



70.) (a) 



CD = OD- OC 



(Al) (CI) 



(b) OA = -CD 

2 

= -(<9Z3-0C) 

(c) AD = OD - OA 

= OD--(OD-OC) 

= -OD+-OC 

2 2 



(Al) (CI) 

(Al) 
(Al) (C2) 



Note: Deduct [1 mark] (once only) if appropriate vector 
notation is omitted. 



[4] 



71.) (a) u--i+2j v-3i+5j 

u + 2v=5i+12j (Al) (CI) 



(b) |w + 2v| = V5 2 +12 2 

= 13 

"* 26 
Vector w = — (5/ +12/) 
13 

= 10/ +24; 



(Al) 
(Al) 
(Al) (C3) 



[4] 



72.) (a) 



OB 



OA 



6 => A is on the circle 

B is on the circle. (Al) 



(Al) 



oc 

= V25TTT 



r < \ 



v Vn y 



C is on the circle. 



(Al) 3 



(b) AC = OC- OA 

f 5 } ^ 



f -\ \ 



vOy 



vvlly 



(c) cos OAC = 



AOAC 

\ao\ac\ 

f-6V-0 



(Ml) 
(Al) 2 

(Ml) 



vvlly 



6 Vl + 11 



6 VI 2 

1 _ s 

2V3 6 



OR cos OAC = 



6 2 +(Vl2) 2 -6 2 



2x 6x vl2 



as before 



OR using the triangle formed by AC an d its horizontal and 
vertical components: 



(Al) 
(Al) 

(M1)(A1) 
(Al) 



AC 



cos OAC 



Note: The answer is 0.289 to 3 sf 
(d) A number of possible methods here 
BC=OC-OB 

5 



(Al) 
(M1)(A1) 3 



v Vn y 



vO y 



\BC\ = V132 

I AABC\ = -xVl32xVl2 

2 

= 6VTT 

OR AABC has base AB = 12 
and height = VlT 



(Al) 
(Al) 

(Al) 

(Al) 

(Al) 
(Al) 



=> area= -xl2x vU 

2 

= 6VTT 



OR Given cos BAC = 

/33 



S 



sin BAC = 

= 6VTT 



AAfiC| = -xl2xVl2x — 
1 2 6 



(Al) 
(Al) 



(A1)(A1)(A1) 
(Al) 



[12] 



73.) (a) OB = 



v5y 



— r-3^ 

AC 



(Al) (CI) 



(Al) (CI) 



(b) OB- AC = (10 x (-3)) + (5 x 6) = 
Angle = 90° 



(Ml) 
(Al) (C2) 



[4] 



